Other studies done in coniferous forests have shown that fine-root biomass (Vogt et al. 1983; Vogt et al. 1987) and production (Messier & Puttonen 1993 ) changes with stand development and successional stages. The main objective of this study was to evaluate the effects of experimentally created 10 m x 10 m gaps in three different successional forests that span the whole succession in the north-western boreal forest of Quebec on fine-root production using ingrowth bags. Our hypothesis was that such small above-ground gaps also create understory gaps in terms of fine-root production. Rootingrowth bags have been found to be an efficient method for the comparison of different sites (Yin et al. 1989; Messier & Puttonen 1993 ). This study complements other research done in the region relating gap effects to tree regeneration (Kneeshaw & Bergeron 1996) , understory vegetation (de Grandpre et al. 1993 ; de Grandpre 1996) and forest floor dynamics (Pare et al. 1993 ).
Study area
The study includes three different successional forests that burned in 1944, 1870 and 1760. These forests were near the shore of Lake Duparquet, Quebec 
Overallforest and location effects
Fine-root biomass production (all species combined) was significantly higher one year post-treatment in the youngest forest than in the older two forests (Table 1) , but not the second year. There was no significant location effect on either year, but fine-root production was always the lowest in the center of the gap (Fig. 2) .
Differences between individual species and species groups
Differences in fine-root production for root category among forests and between gap and control plots are shown in Tables 2 and 3 and in Fig. 3 . We grouped together the samples from the various locations in and around the gap into a category called gap for analysing species effects, since effects of an above-ground gap extend well beyond the edge of the gap (Lieberman et al. 1989) . After one year, herbs and Taxus fine-root biomass were higher in gap than in control areas, although this difference was not significant (p > 0.05). Abies + Picea had significantly lower fine-root production in gaps for the 48-and 232-yr-old forests in both 1993 and 1994.
Woody deciduous species had slightly lower biomass in gaps than in the undisturbed controls, especially for the 48-and 122-yr-old forests, although these differences were not significant. After two years, all species showed similar trends, but most of the significant first year differences disappeared by year 2. Species proportions varied between gap and control plots much more during the first than the second year post-treatment (Fig. 3) . Woody deciduous was the most abundant species or species group in all three forests, especially in the two youngest forests. First-year herb fine-root biomass production was significantly higher (p < 0.001) in the youngest forest compared to the two older ones (Table 3) . Fine-root production of Taxus increased from the youngest to the oldest forests, but the differences were not significant (p > 0.05). Thuja was only present in the oldest forest. After two years, woody deciduous fine roots were significantly less abundant in the oldest forest than in the two younger ones (Table 3) . 
Discussion
The experimental 100-m2 above-ground gap used in this study reduced, although not significantly (p > 0.05), total fine-root biomass production during the first and second year in the center of the gap (Fig. 2) : this was especially true for the 48-and 122-yr-old forests. The lack of significance was probably due to the high variability typical of fine-root research. The various individual species or species group increased, decreased or showed no change in fine-root production in gaps (Table  2) . Therefore, we cannot conclude from this study that 10 m x 10 m gaps in the mixed broad-leaf-conifer boreal forest actually produce a significant and long-lasting (i.e. at least two years) below-ground gap in terms of total fine-root production in either successional forest. These results concur with those of Sanford (1990) in a tropical forest and Parsons et al. (1994b) in a Pinus lodgepole forest that showed that gaps of less than 100 m2 have little or no effect on fine-root biomass production.
Overall we did not observe a major shift in species proportions between gap and control plots after two years (Fig. 3) , although herbs and species such as Taxus seemed to benefit in terms of fine-root growth from such small openings in the short term. Because we were not able to easily differentiate fine roots of the woody understory shrubs from those of aspen, we were not able to verify the possibility that they increased their presence in gaps while fine roots of Populus declined. Total fine-root production found in our three successional forests was within the range reported for other boreal forests studied with the ingrowth bag method 
